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Description 

This invention relates to a method of making parti- 
cles with a polymeric organic coating. 

Inorganic powders in which the particles are encap- & 
sulated by a polymeric organic coating are generally 
known. For example, US Patent 3 519 594 describes a 
method of coating particulate and fibrous fillers with a 
polymer of a water-insoluble ethylenically unsaturated 
monomer. In this method a dispersion of the filler is pre- 
pared at a pH well below the isoelectric point of the filler. 
The method disclosed in US Patent 3 884 871 utilises 
an anchoring agent which is adsorbed on to a titanium 
dioxide pigment surface and is capable of copolymeri- 
sation with other vinyl monomers. The anchoring agent 
(for example, methacrylic acid) is added to a dispersion 
of titanium dioxide containing a dispersing agent. 

A useful property associated with encapsulated in- 
organic powders is that the encapsulating coating is be- 
lieved to aid incorporation of the inorganic powders into 
polymeric media such as paints and plastics in which 
they are utilised as pigments and fillers. It is important 
that the encapsulated particles should disperse easily 
and a uniform polymeric coating is believed to assist in 
preventing agglomeration of the particles. 

It is an object of this invention to provide inorganic 
particles which are uniformly and discretely coated with 
an organic polymeric coating. 

Further, in pigmented polymer compositions, for ex- 
ample liquid coating compositions of the type known as 
latex paints or emulsion paints, the basis of the paint 
comprises an aqueous emulsion of a film-forming poly- 
mer or copolymer and pigment particles. Generally, 
these pigment particles are poorly dispersed and remain 
outside the polymer particles even when these coalesce 
to form a dry paint film. Such paints are finding increas- 
ing use because they are environmentally acceptable. 

It is known that the opacity or hiding power of a latex 
paint depends to some extent upon the efficiency of dis- 
persion of the pigments within the paint and the opacity 
is increased if aggregation of pigment particles can be 
minimised. 

In known methods for encapsulation of pigmentary 
particles by a variety of polymers the uniformity of coat- 
ing and discreteness of the coated particles is generally 
not satisfactory and significant aggregatbn of the parti- 
cles is still observed. 

According to the invention a coated inorganic pow- 
der is produced which comprises particles of an inor- 
ganic material coated with a polymeric organic material 
obtainable by dispersing the inorganic particles in water 
at a pH value higher than the isoelectric point of the par- 
ticles in the presence of a dispersing agent comprising 
a polymeric polybasic acid or a salt thereol to produce 
particles having a modified isoelectric point, adjusting 
the pH of the dispersion to a value below 9 but above 
the modified isoelectric point of the particles and poly- 
merising in the presence of the dispersion so produced 



an ethylenically unsaturated monomer so that said par- 
ticles are coated with polymerised monomer 

It is believed that the particles obtained according 
to the invention comprise a coherent inner coating 
formed from the dispersing agent which provides a key 
for an outer coating formed from the ethylenically un- 
saturated monomer or becomes incorporated into the 
polymeric coating during polymerisation although this 
description of the coated particles is not intended to limit 
the scope of the invention to particles having such a 
structure. 

According to the invention the process for produc- 
ing coated inorganic particles comprises suspending 
particles of an inorganic powder in water at a pH value 
higher than the isoelectric point for the particles in the 
presence of a dispersing agent comprising a polymeric 
polybasic acid or a salt thereof to produce particles hav- 
ing a modified isoelectric point, adjusting the pH of the 
dispersion to a value below 9 but above the modified 
isoelectric point of the particles and polymerisinig in the 
presence of the dispersion so produced an ethylenically 
unsaturated monomer so that said particles are coated 
with polymerised monomer. 

The dispersing agents which find use in the inven- 
tion are polymeric polybasic acids or their salts and in- 
clude polysulphonic acids and their salts, polyphos- 
phonic acids and their salts and polycarboxylic acids 
and their salts. When salts are employed the acids may 
be partially or fully neutralised and typical salts are the 
alkali metal salts or ammonium salts. 

Useful polys ulphonates include iignosulphonates, 
petroleum sulphonates and poly(styrene sulphonates) 
such as poly(sodium 4-styrene sulphonate). 

Preferably the dispersing agent is a polycarboxylic 
acid or a salt thereof and examples of such dispersing 
agents are polymaleic acids and salts : polyacrylic acids 
and salts, substituted acrylic acid polymers, acrylic co- 
polymers, sodium and/or ammonium salts of acrylic co- 
polymers. Dispersing agents derived from acrylic acids 
are typified by polyacrylic acid itself and sodium of am- 
monium salts thereof as well as copolymers of an acrylic 
acid with other suitable monomers such as sulphonic 
acid derivatives, for example, 2-acrylamido, 2-methyl 
propane sulphonic acid. Comonomers polymerisable 
with the acrylic acid or the substituted acrylic acid can 
also contain a carboxyl grouping. 

Usually the dispersing agents have a molecular 
weight of from 1000 to 10,000 and are substantially lin- 
ear molecules. 

The particles which can be employed in the present 
invention can be particles of any inorganic powder but 
those of particular interest are the inorganic pigments, 
extenders and fillers. Particularly, inorganic pigments 
are found to be of most use and such pigments are tita- 
nium dioxide pigments, zinc oxide pigments, aluminium 
oxide pigments, antimony oxides, barium pigments, cal- 
cium pigments, zirconium pigments, chromium pig- 
ments, iron pigments and magnesium pigments. Ex- 
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tenders and/or fillers such as silica, silicates, aluminates 
and particularly the clays can also be utilised in the in- 
vention. Mixtures of pigments and extenders can also 
be used as well as non-pigmentary forms of the inorgan- 
ic powders mentioned as pigments. The most preferred 
inorganic powder is titanium dioxide pigment, preferably 
rutile titanium dioxide. 

The particles may be uncoated but may also carry 
an inorganic coating. For example, titanium dioxide pig- 
ments which have been coated with silica and/or alumi- 
na can be used. Commercially available titanium dioxide 
pigments are usually coated with inorganic oxides and 
such pigments can readily be converted to the products 
of this invention by means of the process described 
herein. 

The size of the particles used in the process of the 
invention is not critical provided that a stable aqueous 
dispersion of the particles can be prepared. For exam- 
ple, particles of titanium dioxide having an average size 
of from 0.01 micron to about 5 micron can be used in 
the process of the invention. Frequently, however, the 
coated inorganic particles of the invention are employed 
as pigments. Preferably, therefore, the particles have a 
size which optimises their pigmentary effect. When the 
particles are of pigmentary titanium dioxide they prefer- 
ably have a size of from 0.1 to 0.4 micron. 

The inorganic particles are coated with a polymer 
of an ethylenically unsaturated monomer. Any ethylen- 
ically unsaturated monomer which is polymerisable in 
an aqueous polymerisation system can be used in the 
present invention. Desirably, the polymer produced is 
insoluble in water and, if necessary, may be cross-linked 
by a suitable cross-linking agent. Typical ethylenically 
unsaturated monomers are aliphatic or aromatic com- 
pounds containing a polymerisable unsaturated group 
such as the unsaturated carboxylic acids or unsaturated 
carboxylic acid esters. One of the carbon atoms forming 
the double bond can preferably carry two hydrogen at- 
oms and such compounds are called vinyl monomers. 
Typical useful monomers are acidic monomers such as 
acrylic acid, methacrylic acid, itaconic acid, maleic acid 
or its anhydride, fumaric acid and crotonic acid. Esters 
of acid monomers can be used such as methyl acrylate, 
ethyl acrylate, methyl methacrylate, butyl acrylate and 
ethyl methacrylate. Other monomers which can be pol- 
ymerised to form coatings are styrene, vinyl toluene, al- 
pha methylstyrene, ethylene, vinyl acetate, vinyl chlo- 
ride, aery Ion itrile, and the like. Fluorinated monomers 
such as fluorinated alkenes, fluorinated ethers, fluori- 
nated acrylic and methacrylic acids and esters thereof 
or fluorinated heterocyclic compounds are also useful. 

If desired a copolymer of two or more of the polym- 
erisable monomers can be present. 

In one useful embodiment of the invention the pol- 
ymer which encapsulates the inorganic particles is a 
film-forming polymer. A dispersion of such particles can 
be employed as a coating composition in which the en- 
capsulating polymer coalesces to form a film in the dried 



coating. The conditions used in the process of the in- 
vention can be adjusted to produce such a dispersion 
directly. The term lilm-forming" is used herein to de- 
scribe a polymeric composition which is capable of co- 

s alescing to form a coherent film containing the inorganic 
particles when an aqueous dispersion of coated inor- 
ganic particles which is a product of the invention is ap- 
plied to a substrate and the water contained therein is 
allowed to evaporate. The film-forming polymers with 

io which the inorganic particles are coated in carrying out 
this embodiment of the process of the invention include 
those which form a film at a temperature above ambient 
temperatures, for example at temperatures up to about 
60° C. Preferably, however, the film-forming polymers 

'5 have a minimum film-forming temperature below about 
25° C and therefore do not require heating to form a co- 
herent film at normal ambient temperatures. 

The ethylenically unsaturated monomers which are 
of particular use in forming film-fbrming polymers useful 

20 in this invention include, for example, unsaturated car- 
boxylic acids and unsaturated carboxylic acid esters. 
Typical useful monomers are methyl acrylate, ethyl acr- 
ylate, butyl acrylate, butyl methacrylate, vinyl acetate 
and vinyl isobutylether. 

25 Film-forming polymers can comprise a copolymer 
of two or more monomers such as the above but the 
copolymer can also include monomers whose homopol- 
ymer has a high minimum film-forming temperature 
such as styrene, methyl methacrylate, acrylbnitrile, vinyl 

^0 chloride and fluorinated monomers. 

A cross-linking agent can be present in the mono- 
mer mixture used in the process of the invention and 
typical cross- linking agents are di- or poly-functional 
ethylenically unsaturated monomers, for example, eth- 

35 ylene glycol dimethacrylate, ethylene glycol diacrylate, 
alfyl methacrylate, allyl acrylate, 1,3-butanediol diacr- 
ylate, divinyl benzene or 1 ,3-butanediol dimethacrylate. 
When a cross-linking agent is present the amount of the 
agent is usually within the range of 1% to 20% by weight 

40 of said agent on weight of total monomer employed and 
preferably the amount of cross-linking agent is from 1 to 
10% by weight of monomer. 

The amount of polymer present on the coated par- 
ticles of the invention can vary considerably depending 

4S upon the intended use for the particles. The amount may 
be very small so that substantially only a monolayer of 
polymer is present or the weight of polymer can be as 
much as 200% of the weight of the uncoated inorganic 
particles. Typically the weight of polymer is from 0.1 to 

so about 100% of the weight of uncoated particle but pref- 
erably the polymer represents at least 0.5% by weight 
and particles containing from 2% to about 20% polymer 
by weight with respect to uncoated particles are very 
useful. 

55 When the inorganic particles are coated with a film- 
forming polymer which is intended for use in a coating 
composition the amount of polymer will vary depending 
upon the effect which it is desired will be achieved in the 
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final dried film. When the coating composition is intend- 
ed for producing a matt film then the ratio of inorganic 
particles to polymeric coating is higher than when the 
coating composition is intended for producing a glossy 
film. An important factor aflecting the appearance of the s 
film is the volume ratio of inorganic particles to encap- 
sulating polymeric coating which is usually from 1:1 to 
1 : 25 by volume and preferably the volume ratio is from 
1:2 to 1:8. 

In the process of the invention the inorganic parti- 
cles are dispersed in water at a pH value above the iso- 
electric point of the particles. The isoelectric point is de- 
pendent upon the composition of the inorganic particles 
but generally the dispersion is formed at a pH above 7. 
In the preferred embodiment in which the inorganic par- 
ticles are titanium dioxide the pH is preferably 9 to 11 . 

The dispersion is formed in the presence of a dis- 
persing agent as hereinbefore described. The particles 
may be added to a solution of the dispersing agent or 
the dispersing agent can be added to a mixture of water 
and inorganic particles. The mixture is agitated by any 
suitable means for sufficient time to ensure maximum 
dispersion of the particles. 

The amount of dispersing agent used is generally 
between 0.05 and 5 per cent with respect to weight of 
inorganic powder and preferably is between 0.1 and 1 
per cent. 

In order to reduce aggregation in the finished prod- 
uct of the invention it is advisable to subject the disper- 
sion to a milling process to remove any aggregates al- 
ready present. Any suitable milling process can be uti- 
lised but the use of a sand mill of the type commonly 
employed in the pigment industry is preferred. 

The dispersing agent interacts with the inorganic 
particles and has the effect of changing the isoelectric 
point o1 the particles. 

After milling, if necessary, it is advantageous to add 
more dispersing agent. Then the pH value of the disper- 
sion is adjusted to a pH value below 9 but above the 
value of the modified isoelectric point. Preferably, the 
pH is adjusted to between 0.5 and 6 pH units above the 
modified isoelectric point and more preferably to be- 
tween 3 and 5 pH units above this isoelectric point. 

When the inorganic particles are titanium dioxide 
the pH value of the dispersion is usually adjusted to be- 
tween 5 and 8.5 and preferably to between 6 and 8. 

The polymerisation is carried but by adding one or 
more monomers to the dispersion at the selected pH. 
Usually, the monomer is added as a dispersion in water 
and, conveniently, this monomer dispersion is obtained 
by stirring a mixture of water and monomer. 

Where a cross-linking agent for the chosen mono- 
mer is used then this usually, but not always, will be add- 
ed to the dispersion of inorganic particles at the same 
time as the ethylenically unsaturated monomer. 

Generally it is necessary to initiate the polymerisa- 
tion and initiation can be suitably achieved with an initi- 
ator such as a peroxy compound, a persulphate, a per- 



acetate or a redox initiator, e.g. a salt of a persulphuric 
acid or an organic hydroperoxide or peroxide in combi- 
nation with a sulphite, bisulphite, hydrosulphite or metal 
formaldehyde sulphoxylate. The initiator can be added 
at any suitable stage, e.g. prior to the addition of the 
monomer to the inorganic powder or only a part of the 
required amount of the initiator can be added initially fol- 
lowed by the remaining necessary amount or amounts 
at one or more later stages. In the most preferred proc- 
ess the initiator is added separately but simultaneously 
with the monomer. 

Alternatively, the polymerisation may be initiated by 
exposing the reaction mixture to a source of gamma ra- 
diation such as a Cobalt -60 source. 

The rate at which monomer is added to the disper- 
sion of inorganic particles can vary quite widely but in 
the most preferred method the monomer addition rate 
is less than the rate at which the monomer is consumed 
by polymerisation. This technique, known as "starvation 
polymerisation 1 ensures that there is substantially no 
Iree monomer present in the reaction vessel during the 
polymerisation. It is believed that the "starvation polym- 
erisation" method minimises the formation of free poly- 
mer not present as a coating on the inorganic particles 
and helps to produce a uniform coating on the inorganic 
particles. 

The polymerisation of the monomers is usually car- 
ried out at an elevated temperature, e.g. up to 140°C. 
Typically, a temperature between 30°C and 100°C is 
employed and preferably the temperature is between 
55°C and 95°C. The polymerisation normally, but not 
always, is effected under an inert atmosphere . for ex- 
ample, under a protective atmosphere of an inert gas, 
e.g. nitrogen. 

Advantageously, at least a part of the polymerisa- 
tion is effected whilst subjecting the dispersion of inor- 
ganic particles to the effect of ultrasonic vibrations. 

A convenient form in which to employ the obtained 
products when they are intended for use in aqueous sys- 
tems is as a dispersion which is the direct product of the 
process of the invention. However, they may also be 
converted to a dry powder by conventional means such 
as spray drying. 

The coated particles are of use in a variety of appli- 
cations. The encapsulating coating assists their disper- 
sion in organic media and they are typically useful as 
opacifiers and extenders for paints, inks and plastics. 

The encapsulating coatings which are formed on 
the inorganic particles in the process of the invent ion 
are especially uniform and coherent and the particles 
are substantially free from aggregation. Dispersion of 
the particles in organic media is therefore particularly 
efficient. One particular use of the products of the inven- 
tion is as pigments in aqueous emulsion paints which 
are being used in increasing quantities because of their 
environmental acceptability. 

When the encapsulating coating is prepared from a 
film-forming polymer a dispersion of the inorganic par- 
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tides in water can be employed as a coating composi- 
tion. Since each inorganic particle is individually and dis- 
cretely encapsulated in a polymeric coating the spacing 
between particles is largely determined by the thickness 
ot this layer when the water in which they are dispersed 
is removed. This spacing is substantially maintained 
even when the film-forming polymer coalesces to form 
a dried coating. Hence it is possible to utilise the opac- 
ifying power of pigments such as titanium dioxide more 
efficiently than is possible in conventional coatings. 

The invention is illustrated by the following exam- 
ples. 

EXAMPLE 1 

500 grams of a commercially available acrylic co- 
polymer dispersant sold under the Trade Name Dispex 
GA40 was added to 240 litres of water. To the resulting 
solution, 200 kg of uncoated pigmentary titanium diox- 
ide was added. The pH was then adjusted to 10 with 
sodium hydroxide and the dispersion thus produced 
was sandmilled for 1 hour. Subsequently the dispersion 
was diluted to 250 grams of titanium dioxide per litre and 
a second aliquot (500 grams) of dispersant was added. 
The dispersion was stirred for 1 0 minutes to ensure thor- 
ough mixing before the pH was adjusted to 8.5 with ace- 
tic acid. 

In a separate tank, a monomer mixture of water (76 
kg), methyl methacrylate (5 kg) and methacrylic acid (1 
kg), was prepared and the pH was adjusted to 5 with 
ammonium hydroxide. In a third tank an initiator solution 
was formed from 100 grams of potassium persulphate 
and 10 litres of water. 

The monomer mixture was added to the pigment 
slurry over 4 hours at a temperature of 70 ± 5°C with 
stirring under an atmosphere o1 nitrogen. Addition of the 
initiator commenced at the same time as addition of the 
monomer mixture but continued for a total of 5 hours. 

Upon completion of the additions, the batch was 
cooled to 30° C and the product discharged from the re- 
actor as a slurry. 

The material produced was found to have the fol- 
lowing properties 



Particle size 


0.38 micron 


% Polymer 


3.3 


Bulk Density 


1.06 


Polymer Thickness 


0.005-0.01 micron 


Tint Reducing Power 


1850 



Examination under an electron microscope showed 
that the polymeric coating was extremely uniform and 
the coated particles were substantially discrete. 

EXAMPLE 2 

A slurry of titanium dioxide pigment was prepared 



by dispersing 357g of pigment (uncoated pigmentary ti- 
tanium dioxide) in 615 mis of water. The pH was adjust- 
ed to 10.5 using sodium hydroxide solution and disper- 
sion was effected by addition of 1 0g of the commercial 

5 polyacrylate dispersant sold under the Trade Name 'Dis- 
pex GA40'. The resulting slurry was sandmilled for 1 
hour after which the pH was reduced to 8 and the slurry 
heated to 70°C. 

To the slurry was added, simultaneously, a mono- 

10 mer emulsion and a initiator solution. The monomer 
emulsion consisted of 254g ethyl acrylate, 172g methyl 
methacrylate, 4.3g methacrylic acid, 1g 'Dispex GA40' 
and 21 5g of water. 20 mis of aqueous initiator solution 
were used which contained 15g of ammonium persul- 

'5 phate. The addition of monomer and initiator continued 
over 5 hours after which the suspension was cooled to 
room temperature. The product was found to comprise 
(by weight); Ti0 2 23.6%, polymer 21.7% and water 
54.7%. 

20 The suspension was removed from the reaction 
vessel and drawn down on paint charts in order to de- 
termine contrast ratio (a measure of opacity). The Con- 
trast Ratio at 20 m 2 /! was 88.05. 

25 EXAMPLE 3 

A slurry of titanium dioxide was prepared by dis- 
persing uncoated pigmentary titanium dioxide in water 
at a concentration of 500 grams per litre. The pH of a 

so 500 ml portion of this slurry was adjusted to 10.5 with 
sodium hydroxide solution and 0. 1 % by weight of a poly- 
acrylate dispersant (Dispex GA40) was added. The slur- 
ry was then sandmilled until the mean particle size was 
0.50 micron and the pH was adjusted to 8. 

55 The slurry was placed in a 2 litre reactor equipped 
with a stirrer, a condenser and inlet points for monomer 
and initiator and heated to 90°C. When the temperature 
had stabilised, a monomer emulsion and an initiator so- 
lution were simultaneously: but separately, added over 

40 5 hours. The monomer emulsion comprised; 8.25g sty- 
rene, 0.34g methacrylic acid, 0.6g polyacrylate disper- 
sant (Dispex GA40) and 1S3.3g water. The initiator so- 
lution consisted of 0.6g of potassium persulphate in 20 
ml of water. At the end of the five hour period the material 

45 was discharged from the reactor and allowed to cool. A 
sample submitted for transmission electron microscopy 
was seen to have a generally smooth coating thickness 
of between 4 rim and 10 nm. 

The dispersion was agitated ultrasonically for 1 

so minute and the average particle size was found to be 
0.57 micron indicating that no significant aggregation 
had taken place during the encapsulation process. 

EXAMPLE 4 

55 

A zinc oxide pigment (Zinc Oxide 100 from Durham 
Chemicals) with a crystal size of 0. 1 micron and a meas- 
ured average particle size ol 1 .37 micron was encapsu- 
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lated using the following process. Zinc oxide was dis- 
persed at a concentration of 500 grams per litre on a 
high speed impeller mill for one hour at pH 9 in the pres- 
ence of 0.1% by weight of a polyacrylate dispersant 
(Dispex GA40). One litre of the dispersed slurry was 
placed in a 2 litre reactor equipped with a stirrer, a con- 
denser and inlet points for monomer and initiator. The 
slurry was heated to 70°C. When the temperature had 
stabilised, a monomer emulsion and an initiator solution 
were simultaneously, but separately, added over 5 
hours. The monomer emulsion comprised; 1 4.4g methyl 
methacrylate, 0.6g methacrylic acid, 1.3g polyacrylate 
dispersant (Dispex GA40) and 1 84g water. The initiator 
solution consisted of 0.6g of potassium persulphate in 
20ml of water. 

At the end of the five hour period the material was 
discharged from the reactor and allowed to cool. Asam- 
ple submitted for transmission electron microscopy was 
found to have a uniform coating thickness of approxi- 
mately 3.5 hm. The particle size was found to be 1.40 
micron after 5 minutes of ultrasonic dispersion. 

EXAMPLE 5 

A china clay pigment extender (Supreme grade 
from English China Clays) with hexagonal crystals hav- 
ing a tabular habit and a largest dimension measuring 
approximately 0.25 micron, was encapsulated using the 
following process. The china clay was dispersed at a 
concentration of 400 grams per litre on a high speed im- 
peller mill for one hour at pH 8 and in the presence of a 
polyacrylate dispersant (Dispex GA40) at a concentra- 
tion of 0.1% by weight. One litre bl the dispersed slurry 
was placed in a 2 litre reactor equipped with a stirrer, a 
condenser and inlet points for monomer and initiator. 
The slurry was heated to 70°C. When the temperature 
had stabilised, a monomer emulsion and an initiator so- 
lution were simultaneously, but separately, added over 
5 hours. The monomer emulsion comprised; 11 .5g me- 
thyl methacrylate, 0.5g methacrylic acid, 1.3g polyacr- 
ylate dispersant (Dispex GA40) and 184g water. The in- 
itiator solution consisted of 0.6g of potassium persul- 
phate in 20 ml of water. 

At the end of the five hour period the material was 
discharged from the reactor and allowed to cool. A sam- 
ple submitted for transmission electron microscopy was 
seen to have a uniform coating thickness of approxi- 
mately 2.5 nm around the circumference of the hexag- 
onal plates. Mottling apparent on the platelets provided 
evidence of encapsulation on the platey surfaces. 

EXAMPLE 6 

A titanium dioxide pigment coated with alumina and 
zirconia (TR92 from Tioxide Group Limited) with a crys- 
tal size of 0.25 micron was encapsulated using the fol- 
lowing process. A slurry of the pigment was dispersed 
at 500 grams per litre on a high speed impeller mill for 



one hour at pH 8 in the presence of a polyacrylate dis- 
persant (Dispex GA40) at a concentration of 0.1% by 
weight. One litre of the dispersed slurry was placed in a 
2 litre reactor equipped with a stirrer, a condenser and 

5 inlet points for monomer and initiator. The slurry was 
heated to 70°C. When the temperature had stabilised, 
a monomer emulsion and an initiator solution were si- 
multaneously, but separately, added over 5 hours. The 
monomer emulsion comprised: 14.4g methyl methacr- 

io yiate, 0.6g methacrylic acid, 1.3g polyacrylate disper- 
sant (Dispex GA40) and 184g water. The initiator solu- 
tion consisted of 0.6g of potassium persulphate in 20ml 
of water. 

At the end of the five hour period the material was 
is discharged from the reactor and allowed to cool. A sam- 
ple submitted for transmission electron microscopy was 
seen to have a generally smooth coating thickness of 
between 4 nm and 10 nm. The inorganic coating of the 
pigment was clearly visible in places within the polymer 
20 capsule and could be distinguished by the appearance 
of ribbons of pseudoboehmite. The particle size was 
found to be 0.43 micron after 1 minute of ultrasonic dis- 
persion. 

25 EXAMPLE 7 

An uncoated titanium dioxide pigment with a crystal 
size of 0.25 micron, was encapsulated using the fol tow- 
ing process. A slurry of the pigment was dispersed at 
30 500 grams per litre on a high speed impeller mill for one 
hour at pH 8 in the presence of a poly (sodium 4-styrene 
sulphonate) dispersant (0. 1 % by weight). One litre of the 
dispersed slurry was placed in a 2 litre reactor equipped 
with a stirrer, a condenser and inlet points for monomer 
35 and initiator. The slurry was heated to 70°C. When the 
temperature had stabilised, a monomer emulsion and 
an initiator solution were simultaneously, but separately, 
added over 5 hours. The monomer emulsion comprised; 
14.4g methyl methacrylate, 0.6g methacrylic acid, 1.3g 
40 poly (sodium 4-styrene sulphonate) dispersant and 184g 
water. The initiator solution consisted of 0.6g of potas- 
sium persulphate in 20 ml of water. 

At the end of the five hour period the material was 
discharged from the reactor and allowed to cool. A sam- 
45 pie submitted for transmission electron microscopy was 
seen to have a smooth coating of between 2 nm and 6 
nm thickness. 



Claims 

1. A process for producing coated inorganic particles 
characterised in that particles of an inorganic pow- 
der are suspended in water at a pH value higher 
55 than the isoelectric point for the particles in the pres- 
ence of a dispersing agent comprising a polymeric 
polybasic acid or a salt thereof to produce particles 
having a modified isoelectric point, the pH of the dis- 
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persion is adjusted to a value below 9 but above the 
modified isoelectric point of the particles and an eth- 
ylenically unsaturated monomer is polymerised in 
the presence ot the dispersion so produced so that 
said particles are coated with polymerised mono- 
mer. 

2. A process according to claim 16 characterised in 
that the inorganic powder is titanium dioxide and the 
particles are suspended in water at a pH of from 9 
to 11. 

3. A process according to claim 1 6 or 1 7 characterised 
in that the amount of dispersing agent is from 0.05 
per cent to 5 per cent by weight with respect to in- 
organic powder. 

4. A process according to any one of claims 16 to 18 
characterised in that the dispersion of particles of 
inorganic powder is subjected to a milling process. 

5. A process according to any one ol claims 16 to 19 
characterised in that the pH of the dispersion is ad- 
justed to a value between 0.5 and 6 pH units above 
the modified isoelectric point. 

6. A process according to any one of claims 16 to 20 
characterised in that the inorganic powder is titani- 
um dioxide and the pH value of the dispersion is 
adjusted to between 5 and 8.5 

7. A process according to any one of claims 1 6 to 21 
characterised in that the ethylenicalty unsaturated 
monomer is added to the dispersion of inorganic 
powder as a dispersion in water. 

8. A process according to any one of claims 16 to 22 
characterised in that polymerisation is initiated by a 
peroxy compound, a persulphate, a peracetate or a 
redox initiator. 

9. A process according to any one of claims 1 6 to 23 
in which the ethylenically unsaturated monomer is 
added at a rate which is less than the rate at which 
the monomer is consumed by polymerisation. 

10. A process according to any one of claims 16 to 24 
characterised in that the polymerisation is carried 
out at a temperature of from 55°C to 95°C. 



Patentanspruche 

1. Verfahren zur Herstellung beschichteter anorgani- 
scher Partikel, dadurch gekennzeichnet, daB Par- 
tikel eines anorganischen Pulvers in Wasser bei ei- 
nem pH-Wert groBer als dem isoelektrischen Punkt 
der Partikel in Gegenwart eines Dispergiermittels, 



umtassend eine polymere polybasische Saure oder 
ein Salz davoa suspendiert werden, urn Partikel 
herzustellen, die einen modifizierten isoelektri- 
schen Punkt aufweisen, wobei der pH der Disper- 

5 sion auf einen Wert kleiner 9, aber groBer dem mo- 
difizierten isoelektrischen Punkt der Partikel einge- 
steltt wird und ein ethylenisch ungesattigtes Mono- 
mer in Gegenwart der so hergestellten Dispersion 
polymerisiert wird, so daB die Partikel mit polyme- 

io risiertem Monomer beschichtet werden. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das anorganische Pulver Titandioxid 
ist und die Partikel in Wasser bei einem pH von 9 

is bis 11 suspendiert werden. 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, daB die Menge von Dispergiermittel 
von 0,05 Gew.-% bis 5 Gew.-% bezogen auf anor- 

20 ganisches Pulver betragt. 

4. Verfahren nach einem der Anspruche 1 bis 3, da- 
durch gekennzeichnet, daB die Dispersion von 
anorganischen Pulverpartikeln einem Mahlverfah- 

25 ren unterzogen wird. 

5. Verfahren nach einem der Anspruche 1 bis 4, da- 
durch gekennzeichnet, daB der pH der Dispersion 
aul einen Wert zwischen 0,5 und 6 pH-Einheiten 

30 oberhalb des modifizierten isoelektrischen Punkts 
eingestellt wird. 

6. Verfahren nach einem der Anspruche 1 bis 5, da- 
durch gekennzeichnet, daB das anorganische 

35 Pulver Titandioxid ist und der pH-Wert der Disper- 
sion auf zwischen 5 und 8,5 eingestellt wird. 

7. Verfahren nach einem der Anspruche 1 bis 6, da- 
durch gekennzeichnet, daB das ethylenisch un- 

40 gesattigte Monomer zu der Dispersion von anorga- 
nischem Pulver als eine Dispersion in Vtosser zu- 
gegeben wird. 

8. Verfahren nach einem der Anspruche 1 bis 7, da- 
45 durch gekennzeichnet, daB die Polymerisation 

durch eine Peroxyverbindung, ein Persulfat, ein 
Peracetat oder einen Redoxinitiator gestartet wird. 

9. Verfahren nach einem der Anspruche 1 bis 8, worin 
so das ethylenisch ungesattigte Monomer mit einer 

Geschwindigkeit zugegeben wird, die geringer ist 
als die Geschwindigkeit mit der das Monomer durch 
Polymerisation verbraucht wird. 

55 10. Verfahren nach einem der Anspruche 1 bis 9, da- 
durch gekennzeichnet, daB die Polymerisation 
bei einer Temperatur von 55°C bis 95°C durchge- 
fuhrt wird. 
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Revendications 

1. Precede de production de particules inorganiques 
revetues, caracterise en ce que des particules 
d'une poudre inorganlque sont mises en suspen- s 
sion dans de I'eau a une valeur de pH superieure 
au point isoelectrique des particules en presence 
d'un agent dispersant comprenant un acide polyva- 
lent polymere ou un sel de celul-ci pour produire des 
particules ayant un point isoelectrique modifie, le 
pH de ladispersion estajuste a une valeur inferieu- 
re a 9 mais supSrieure au point isoelectrique modi- 
fie des particules et un monomere elhyleniquement 
insature est polymerise en presence de ia disper- 
sion ainsi produite de telle sorte que lesdites parti- 
cules sont revetues avec le monomere polymerise 

2. Precede selon la revehdication 1 , caracterise ence 
que la poudre inorganique est le dioxyde de titan e 
et les particules sont mises en suspension dans 
I'eau a un pHde9al1. 

3. Precede selon la revendication 1 ou 2, caracterise 
en ce que la quantite d'agent dispersant est de 0.05 
pour cent a 5 pour cent en poids par rapport a la 
poudre inorganique. 

4. Precede selon Tune quelconque des revendications 
1 a 3, caracterise en ce que la dispersion de parti- 
cules de poudre inorganique est soumise a un pro- 
cede de broyage. 

5. Precede selon Tune quelconque des revendications 
1 a 4, caracterise en ce que le pH de la dispersion 
est ajuse a une valeur comprise entre 0,5 et 6 unites 
pH superieures au point isoelectrique modifie. 

6. Precede selon Tune quelconque des revendications 
1 a 5, caracterise en ce que la poudre inorganique 
est du dioxyde de titane et ia valeur de pH de la 
dispersion est ajustee entre 5 et 8,5. 

7. Precede selon I'une quelconque des revendications 
1 a 6, caracterise en ce que le monom&re ethyleni- 
quement insature est ajoute a la dispersion de pou- 
dre inorganique comme une dispersion dans I'eau. 

8. Precede selon Tune quelconque des revendications 
1 a 7, caracterise en ce que la polymerisation est 
initiee par un compose peroxy, un persulfate, un pe- 
racetate ou un initiateur redox. 

9. Precede selon Tune quelconque des revendications 
1 a 8, dans lequel le monomere ethyleniquement 
insature est ajoute a une vitesse qui est inferieure 
a la vitesse a laquelle le monomere est consomme 
par polymerisation. 



10. Precede selon I'une quelconque des revendications 
1 a 9, caracterise en ce que la polymerisation est 
realisee a une temperature de 55°C a 95°C. 
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